ABSTRACT : Genetic variations of seven egg white protein loci in 1,112 samples from eight Asian countries (Yunnan province of China, Mongolia, Nepal, Vietnam, Laos, Thailand, Myanmar, Indonesia) and 360 samples from two improved breeds (Isa Brown, Boris Brown) were investigated by using starch gel and polyacrylamide gel electrophoresis. Five egg white protein loci (Ov, G 3 , G 2 , G 1 and Tf EW ) were found to be polymorphic in Asian native chicken populations. The proportion of polymorphic loci (P poly ) and average heterozygosity (H) of Asian native populations varied from 0.143 to 0.714 and 0.014 to 0.225, respectively, and were higher than those of improved breeds. The subdivision index (G ST ) value among 18 native chicken populations in Asia is lower (0.0827) than among improved chicken populations (0.1693). This value means that the degree of subdivision among Asian native populations is lower than among improved breeds and gene constitutions among populations in Asia are similar. (Asian-Aust.
INTRODUCTION
Egg is valuable balanced food containing essential amino acid for human, and is utilized, not only for eating, but also as materials of processed food, preservatives, additives of medicine, cosmetic material, etc.. The egg white protects the yolk from physical impact and contains essential nutrients for embryo development, as well as physiologically active and antibacterial materials. In rural area of Asian countries, people have kept the native chickens, which is important animal protein source and has significant value for light cashing.
Polymorphisms of egg white proteins have been reported, mainly in improved breeds, in flavoprotein (Rd), ovalbumin (Ov), ovoglobulin (G 3 and G 2 ), ovotransferrin (Tf EW ), ovomacroglobulin (Omg) and lysozyme (G 1 ) Lush, 1961; Buvanendran, 1967; William, 1967) . It is very important to assess the genetic variability on egg white protein of native chicken populations in Asia. Because analysis of egg white protein polymorphism in Asian native chicken populations may lead to the detection of new phenotypes and alleles, and may be useful to assess the degree of genetic variability of native chicken populations in Asia and differences in egg white protein loci between improved breed and native chicken. Sampling of Egg White for electrophoresis from native chicken is difficult compare to the sampling from improved breeds, because of low egg production of native chicken and embryonic development by their brooding. A few studies (Maeda et al., 1992; Inafuku et al., 1998) have been reported on egg white protein polymorphism of native chicken populations in Asia. Rare variants were found in ovalbumin (A 1 defective; Inafuku et al., 1997) , and lysozyme (slow band; Inafuku et al., 1998) in native chickens in Japan and Indonesia, respectively. We have conducted, since 1993, the collections of blood and egg white samples from native chicken in Nepal (Maeda et al., 1992) , China (Maeda et al., 1995) , Indonesia (Inafuku et al., 1998) , Mongolia , Vietnam, Laos, Thailand and Myanmar. In this study, we analyzed gene constitution of egg white protein of native chicken of eight Asian countries, and compared those with some improved breeds.
MATERIALS AND METHODS

Egg white samples
During 1992 to 1999, total 1112 egg white samples were collected from native chicken populations in 8 Asian countries (Yunnan Province in China, Mongolia, Nepal, Vietnam, Laos, Thailand, Myanmar, Indonesia) (figure 1). To avoid double sampling, each egg sample was collected from a different farmer (table 1) . As mentioned above, not all collected eggs were available for electrophoresis analysis, because embryonic development was found in about half of collected eggs. Each egg was opened on glassware and thick albumen of fresh egg was collected by syringe. Albumen was kept in plastic tube with dry ice and was transported to laboratory of Animal Genetics and 
Electrophoresis
Electorophoretic separation of Ovalbumin (Ov), Ovoglobulin (G 2 ), Ovotransferrin (Tf EW ), Ovomacroglobulin (Omg), Flavoprotein (Rd) was performed in 8-12% native polyacrylamide gel (Laemmli, 1970) . For ovoglobulin (G 3 ) and G 1 electrophoresis was performed in 10-12% starch gel electrophoresis by the methods of Stratil (1968) or Baker and Manwell (1962) . All electrophoresis were carried out at 4°C. Gels were stained with 5% amide black 10B solution.
Calculation of genetic variability
Genetic variabilities were calculated as proportion of polymorphic loci (P poly ) and average heterozygosity (H). P poly was calculated as the ratio of polymorphic loci to the total loci analyzed. Average heterozygosity (H) was estimated the Nei's formular (1978), H=2n(1-q i 2 )/(2n-1), where q i is the frequency of i th allele at a locus, n is the number of individuals in the population, and average means the average over all loci examined.
Relative magnitude of gene differentiation among sub populations was estimated using the coefficient of gene differentiation, G ST (Nei, 1973) . The coefficient is given by where J x , J y and J xy are the averages of x i 2 , y i 2 and x i y i over loci studied, respectively. x i and y i are the frequencies of the i th allele at a locus in X and Y populations, respectively. The phylogenetic tree constructed using the neighbor-joining method (Saitou and Nei, 1987) by using the MEGA software (Kumar, 1993) . To compare the genetic variability among improved breeds and Asian native populations published data of White Leghorn and White Cornish was used. Table 2 shows the distribution of gene frequencies of egg white protein (seven loci) of 27 populations of Asian native chicken and improved breed. Out of 7 loci, Ov, G 3 , G 2 , G 1 and Tf EW were polymorphic (figure 2). The Omg and Rd loci were monomorphic in all areas and breeds. Polymorphism at the G 1 locus was found in the Java population from Indonesia only.
RESULTS AND DISCUSSION
Gene frequency and genetic variability
In the comparison between Asian native populations and improved breeds, the G 3 J allele was not found in all populations of improved breeds, but was distributed in some Asian native populations. Although almost all Asian native populations showed polymorphism in the Tf EW locus except two populations from China (Wuding chicken, Yangbi huang chicken), improved breeds except one of the White Cornish were fixed in the Tf EW B allele. The gene frequency of the Ov A is higher (0.848-1.000) than the Ov B in almost all native populations in Asia except the Thailandsouth population.
In the breeds from the Yunnan province of China, the Ov A allele was fixed in the Wuding chicken, the Xishuangbanna game chicken, the Xishuangbanna native chicken and the Yangbi huang chicken, and the Tf EW A is not present in all breeds. For fixation of the Ov A allele and disappearance of the Tf EW A allele in four breeds, possible reasons include: The Ov B and the Tf EW A disappeared because of genetic drift during keeping in a small colony, these alleles had been eliminated by a bottle neck effect. We have no information how many birds were present at the initial generation in those closed flocks.
Native chickens in rural area of other Asian countries are mated randomly and transported, sometimes, to other villages as gifts. Random mating in back yard and movement among villages (migration) may be result in gene flow among villages and maintain minor genes at low frequency. G 2 L in Nepal-West and G 1 S in Indonesia-Java are rare alleles but are found also in Europe (Baker, 1968 (Baker, , 1970 .
The genetic variability of 27 populations of Asian native chicken and improved breeds is given in table 3. The range of heterozygosity is 0.014-0.225 in Asian native populations and 0.070-0.159 in improved breeds. The values for native chicken tend to higher than for improved breeds. But there is no significant difference between native chicken and improved chicken, the range of heterozygosities of native chicken in four countries (Vietnam, Laos, Thailand and Myanmar) in the Indochina peninsula are relatively high (0.154-0.225). Native chicken groups in Mongolia, the Yunnan province in China, Indonesia and Nepal-east showed relatively low heterozygosity (0.014-0.094). The Xishuangbanna game population is the lowest in both P poly (0.143) and average heterozygosity (0.014) since it has been maintained in small flocks. Heterozygosities of Java and Bali populations were relatively low (0.076).
Some studies reported the heterozygosity of Asian native chicken based on blood protein polymorphism (Hashiguchi et al., 1993; Maeda et al., 1992; Okamoto et al., 1999) . The heterozygosities of native chicken in Indonesia, Nepal and Laos were calculated as 0.0757, 0.1176 and 0.1640, respectively. These values among the three countries are parallel to H values from egg white protein polymorphisms. Although the heterozygosity of IndonesiaJava was low, P poly was the highest because of Stratil (1968), 23-24; Buvavendran (1967), 25-27; Stratil (1968) .
polymorphism in 5 loci except the Omg locus. Heterozygosities of improved breeds (0.070-0.159) were lower than those of birds from 4 countries of the Indochina peninsula. The Boris and Isa Brown varieties were higher than the White Leghorn and White Cornish. Table 4 shows the subdivision index (G ST ) from pooled data and in various comparisons. The subdivision index (G ST ) was calculated in 0.1287 among 27 populations. The value among 18 native chicken populations of Asia (0.0827) is lower than it among improved chicken population (0.1693). These values mean that the degree of subdivision among native chicken populations in Asia is lower than among improved breeds and gene constitutions among Asian native chicken populations are similar in each other compare to improved breeds. The G ST values among local populations in each country of Asia were calculated in 0.0011-0.0399 meaning small degree of subdivision. The large value of G ST of improved breeds, compare to among Asian native populations, means that differentiation among improved breeds, in the gene constitution of the egg white protein, is larger than the degree of subdivision among native chicken populations.
Degree of subdivision among populations
In improved breeds, although the values of G ST in Browns and White Cornish are small (0.0027-0.0031), but large in White Leghorn (0.1961). We could not have the information of breeding history of White Leghorn cited here. The White Leghorn has been improved for high egg production in various countries. During the process of improvement in various countries, gene constitution of egg white protein might be changed by genetic drift and, as result, degree of subdivision among lines became large.
Genetic distance
The genetic distances within and among chicken groups are presented in table 5. The genetic distances among 18 populations of Asian native chicken and 16 populations excluded Vietnam-South and Thailand-South was 0.000-0.063 and 0.000-0.029, respectively. In the comparison among improved breeds, the genetic distance among four lines of White Leghorn were calculated as 0.005-0.065 and was higher than the values among Boris and Isa Browns 0.002 and among lines of White Cornish 0.000-0.001. The genetic distance between White Leghorn and Browns or White Cornish were relatively high (0.034-0.113 and 0.010-0.082, respectively). These results suggest that the genetic constitution of White Leghorn is differs among these lines compare to those of White Cornish and Browns. Figure 3 shows the phylogenetic tree of 27 populations including native chicken and improved breeds drawn by using neighbor-joining method (Saitou and Nei, 1987) by MEGA software (Kumar, 1993) .
The 27 populations roughly formed themselves in three branches; the first one is composed of Browns (IB and BB) and White Cornish (WC1, WC2 and WC3), the second one is two White Leghorns (WL2, WL3) and native chicken in Thailand, and the third one is a White Leghorn (WL1) and native chicken in Vietnam-South. Almost Asian native chicken populations except Thailand-South and VietnamSouth are distributed in the center of three branches. The phase of the phylogenetic tree is consisted with G ST values and genetic distance. The improved breeds except one line of White Leghorn (WL-4) far from the Asian native chicken populations. Ramification among improved breeds might be caused by differentiation of gene constitution in the process of improvement. The differentiation of gene constitution among improved breeds might be caused rather by random genetic drift and reduce of genetic variations during the process of improvement than by some of relationship between economical performance and egg white protein polymorphism. Kinds and numbers of loci might change the phase of ramification. This phylogenetic tree was drawn by gene constitution of egg white protein. 
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